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[57] ABSTRACT

A magnetic disk recording and reproducing apparatus 1s
provided having a carriage which supports a magnetic
head moving in radial directions about a magnetic disk
which is rotatably supported on a body of the appara-
tus, a cam which is rotatable about a rotational shaft to
control the radial position of the magnetic disk, an inter-
mittent rotation mechanism which intermittently ro-.
tates the cam by a predetermined angular displacement,
a click gear which drives the cam, a click lever which
is provided, on one of its ends, a pawl which can disen-
gageably engage with the click gear in order to restrict
the angular position of the click gear, a fine adjustment
member which movably supports one end of the click
lever, and a driving device for moving the fine adjust-
ment member in order to adjust the angular position of
the click gear, in accordance with the track position of
the magnetic head relative to the magnetic disk.

11 Claims, 5 Drawing Sheets
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1
APPARATUS FOR ACCURATELY POSITIONING

A MAGNETIC RECORDING AND REPRODUCING

HEAD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for
recording and reproducing information on a magnetic
disk, and more precisely, to a magnetic disk recording
and reproducing apparatus -which has a position adjust-
ing servo-mechanism for a magnetic recording and
reproducing head in the apparatus.

2. Description of Related Art |

In conventional magnetic disk recording and repro-
ducing apparatus such as an electronic still camera or a
floppy disk drive, a magnetic head is moved in radial

directions of the magnetic disk in a stepped fashion by

an intermittently moving device, to successively trace a
large number of concentric recording tracks.

FIG. 7 shows, in from elevation the internal construc-
tion of a known magnetic disk recording and reproduc-
ing apparatus.

In FIG. 7, a recording and reproducing magnetic
head 10 is secured to a generally L-shaped carriage 12
through a piezoelectric element 11. The piezoelectric
element 11 comprises a number of laminated piezoelec-
tric plate elements, so that when a voltage is applied
between terminal electrodes of the piezoelectric ele-
ment 11, the latter deforms in thickness 1 thereof, de-
pending on the polarity and value of the voltage.

A carniage 12 is slidably attached to parallel guide
rods 14 and 15 provided on a body 13 of the magnetic
recording and reproducing apparatus so as to move the
magnetic head 10 along the guide rods. The direction of
movement of the carriage 12 corresponds to the direc-
tion of movement of the magnetic head 10 which moves
above and along the plane of a magnetic disk D, which
is supported by a rotational shaft 17 of a magnetic disk
driving motor 16, in the radial directions of the mag-
netic disk. The guide rod 14 is provided with a compres-
sion coil spring 18 which is wound around the guide rod
14 to continuously bias the carriage 12 so as to urge the
latter far away from the magnetic disk driving motor
16.

Above the carriage 12 in FIG. 7, i1s a plate cam 20
rotatably mounted to the body 13 through a shaft 22.
The plate cam 20 has a peripheral cam surface 21
against which a pin.19, provided on the carriage 12,
abuts with the help of the compression coil spring 18.
The plate cam 20 has a ratchet gear 23 and a click gear
30 which are both coaxial to the plate cam 20 so as to
rotate together.

The ratchet gear 23 is engaged by a pawl 24a which
is formed on the front end of a feed lever 24. The feed
lever 24 has an elongated hole 245 which 1s formed at an
intermediate portion thereof and which extends sub-
stantially in parallel with the guide rod 14. A pin 25,
which is provided on the body 13, is fitted in the elon-
gated hole 240, so that the feed lever 24 can rotate and
linearly move. The linear movement of the feed lever 24
is performed by a plunger solenoid 26 which is rotatably
connected to the lower end of the feed lever in FIG. 7.
The feed lever 24 is continuously biased by a tension
spring 27 which is provided between and connected to
a pin 13a provided on the body 13 and an arm 24¢ which
is formed on the feed lever 24, so that the ratchet pawl
24q is urged into engagement with the ratchet wheel 23.
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Thus, when the plunger solenoid 26 is activated with
one pulse, one reciprocal movement of the feed lever 24
in the direction parallel with the guide rod 14 takes
place to rotate the ratchet wheel 23 by one pitch corre-
sponding to one tooth of the ratchet gear 23 in the
clockwise direction in FIG. 7. Numerals 28 and 29
designate stop pins which are provided on the body 13
to restrict the upper and lower terminal ends: of the
movement of the feed lever 24. |

A click gear 30 is engaged by a click pawl 31z which
is formed at the front end of a click lever 31 to stop the
rotation of the click gear 30 and accordingly, the plate
cam 20 at every pitch (tooth) of the click gear 30. The
click lever 31 is pivoted at its rear end to a body 13
through a shaft 32 and has a torsion spring 33 provided
between the click lever 31 and the body 13 to bias the
click lever 31, so that the click pawl 31a comes into
engagement with the click gear 30. The click pawl 31a
successively comes into the tooth grooves between the
tooth threads of the click gear 30 when the click gear 30 -
rotates in the clockwise direction to intermittently hold
the click gear at a predetermined pitch. |

The apparatus shown in FIG. 7 operates as follows.

Upon recording and reproducing the magnetic disk
D, the plunger solenoid 26 is actuated a predetermined
number of times to rotate the plate cam 20 by a prede-
termined angular displacement in the clockwise direc-
tion in order to move the carriage 12, so that the mag-
netic head 10 is brought into a predetermined position in
which the magnetic head 10 is located above a desired
track of the magnetic disk D. This position will be re-
ferred to as an on-track position. The position of the
magnetic head 10 is determined in accordance with the
angular position of the plate cam 20, which is restricted
by the engagement of the ratchet pawl 24g in the
ratchet gear 23.

In the known apparatus mentioned above, the mag-
netic head can not usually be stopped at a constant and
desired position (on-track position) due to mechanical
and physical errors of the head actuating mechanism
and the magnetic disk, etc., as shown in FIG. 4. In FIG.
4, the abscissa represents the track number, and the
ordinate represents the deviation, i.e. the amount of
off-track of the magnetic head from a reference posi-
tion. As shown in FIG. 4, the magnetic head can not be
precisely brought into the on-track position, resulting in-
read errors, especially when a recording and reproduc-
ing are performed by different machines.

To eliminate the problem mentioned above, the pi-
ezoelectric element 11 serves as a servo-mechanism for
adjusting the position of the magnetic head. The piezo-
electric element 11 changes in thickness 1 thereof in
accordance with the direction of the current flow and
the voltage is provided between the magnetic head 10
and the carriage 12, so as to realize an accurate on-track
positioning.

However, since the deformation of the piezoelectric
element i1s very small, it is necessary to use a thick and
large piezoelectric element in order to provide a suffi-
cient deformation (displacement). This results in a large

- magnetic disk recording and reproducing apparatus.
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It is also possible to increase the number of teeth of
the click gear to realize a fine adjustment servo-mech-
anism of the magnetic head. This solution however, is
not desirable, since, first it is very difficult to manufac-
ture a small click gear having a large number of teeth,
and second, since 1t i1s necessary to increase the diameter
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of the click gear, resulting in the need to use of a reduc-
tion gear.

.

SUMMARY OF THE INVENTION

The primary object of the present mvention is to
eliminate the problems of the prior art mentioned
above, by providing a small magnetic disk recording
and reproducing apparatus having a simpie servo-mech-
anism for adjusting the position of the magnetic head
which can accurately stop the magnetic head at a de-
sired on-track position.

To achieve the object mentioned above, according {o
the present invention, there is provided a magnetic disk
recording and reproducing apparatus comprising a car-
riage that supports a magnetic head moving in radial
~ directions of a magnetic disk which is rotatably sup-
ported on a body of the apparatus, a cam which is rotat-
able about a rotational shaft to control the radial posi-
tion of the magnetic disk, an intermittent rotation mech-
anism which intermittently rotates the cam by a prede-
termined angular displacement, a click gear which
drives the cam, a click lever which is provided, on one
end, with a pawl which can disengageably engage with
the click gear to restrict the angular position of the click
gear, a fine adjustment member which movably sup-
ports one end of the click lever, and driving means for
moving the fine adjustment member to adjust the angu-
lar position of the click gear, in accordance with the
track position of the magnetic head relative to the mag-
netic disk.

With this arrangement, the magnetic head can be
brought into an accurate on-track position with respect
to the tracks of the magnetic disk by a simple adjust-
ment of the click lever.

Preferably, the click lever is rotatable abouti a pivot
shaft at its opposite end, and the fine adjustment mem-
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ber rotatably supports the pivot shaft of the click lever.

Preferably, the fine adjustment member has an adjust-
ing lever which is pivoted at one end to a body of the
magnetic disk recording and reproducing apparatus.
The pivot shaft of the click lever can be supported by
the opposite end of the adjusting lever.

Preferably, the driving means includes a piezoelectric
member which is provided between the adjusting lever
and the body. The angular position of the adjusting
lever can be controlled by the value and polarity of a
voltage applied to the piezoelectric member to effect
the fine adjustment of the pivot shaft of the click lever.

Preferably, the adjusting lever is biased in the direc-
tion of the compression of the piezoelectric member by
a spring means. It is possible to give an initial bias to the
piezoelectric member to stabilize the position thereof.

The fine adjustment member and the driving means
can be embodied by a common bimorph type of piezo-
electric element (bimorph cell) which is connected at
one end to the body of the apparatus and which sup-
ports at the opposite end the pivot shaft of the click
lever. The bimorph cell has, as is well known, an elasti-
cally deformable metal plate which has on its opposide
side faces plate like piezoelectric elements, so that the
elastic metal plate can be deformed in opposite direc-
tions, depending on the value and polarity of the volt-
age applied to the plate like piezoelectric elements to
perform the fine adjustment of the displacement of the
pivot shaft of the click lever.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described below in detail with
reference to the accompanying drawings, in which like
reference numerals represent similar parts throughout

the several views, and wherein:
FIG. 1 is a front elevational view of a main part of a

magnetic head driving portion of a magnetic disk re-
cording and reproducing apparatus according to one
aspect of the present invention;

FIG. 2 is a plan view of FI1G. 1;

FI1G. 3 is a front elevational view of a click lever and
a driving lever according to another aspect of the pres-
ent invention;

FIG. 4 is a diagram showing the deviation (amount of
off-track) of the magnetic head from tracks of the mag-
netic disk upon recording;

FIG. 5 is a diagram showing the deviation (amount of
off-track) of the magnetic head from tracks of the mag-
netic disk upon recording, according to the present
invention: | o

FIG. 6 is a block diagram showing a control circuit
according to one aspect of the present invention; and,

FIG. 7 is a front elevational view of a main part of a
magnetic head driving portion in a known magnetic
disk recording and reproducing apparatus.

DETAILED DESCRIFPTION OF THE
INVENTION

Note that in FIGS. 1 and 2, components correspond-
ing to those in FIG. 7 are designated with the corre-
sponding numerals.

The magnetic recording and reproducing head 10 is
directly secured to the generally L-shaped carrnage 12.
The carriage 12 is slidably mounted to the parallel guide
rods 14 and 15 which are provided on the body 13, so
that the carriage 12 can move along the guide rods 14
and 15. The magnetic head 10 linearly moves to come
away from and close to the rotational shaft 17 of the
magnetic disk driving motor 16, in a plane parallel with
the magnetic disk D which is supported by the rota-
tional shaft 17.

The carriage 12 is continuously biased by a compres-
sion coil spring 18 which is wound around the guide rod
14, sc that the magnetic head 10 tends t0o move away
from the magnetic disk driving motor 16.

Above the carriage 12, shown in FIG. 1, is a rotatable
plate cam 20 which is rotatable about a shaft 22 on the
body 13. The plate cam 20 has a peripheral cam surface
21 against which a pin 19, provided on the carriage 12,
is continuously pressed by the spring force of the com-
pression coil spring 18. The plate cam 20 has a ratchet
gear (wheel) 23 and a click gear 30 which are both
coaxial to the shaft of the plate cam 20 so as to rotate
together.

The ratchet gear 23 is engaged by a pawl 24a formed
on the front end of a feed lever 24. The feed lever 24 1s
provided with an elongated hole 245 which is formed at
an intermediate portion thereof and which extends sub-
stantially in parallel with the guide rod 14. A pin 25
provided on the body 13, is fitted in the elongated hole
24b, so that the feed lever 24 can rotate and linearly
move. The linear movement of the feed lever 24 is per-
formed by a plunger solenoid 26, which is pivoted to a
lower end thereof in FIG. 1. The feed lever 24 is contin-
uously biased by a tension spring 27 which is provided
between and connected to a pin 13a¢ provided on the

body 13 and an arm 24¢ which is formed on the feed
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lever 24, so that the ratchet pawl 24a is urged into en-
gagement with the ratchet gear 23. Thus, when the
plunger solenoid 26 is activated with one pulse, one
reciprocal movement of the feed lever 24 in a direction
parallel with the guide rod 14 takes place against the
spring force of the tension spring 27. Upon the upward
movement of the feed lever 24 in FIG. 1, the curved
rear surface portion 24¢ of the ratchet pawl 24q shides
and runs on the tooth thread of the ratchet gear 23. On
the contrary, when the feed lever 24 moves downward,
the pawl 24¢ comes into engagement with the ratchet
gear 23 to rotate the ratchet gear 23 by one pitch corre-
sponding to one tooth of the ratchet gear 23 in the
clockwise direction in FIG. 1. Stop pins 28 and 29 are
provided on the body 13 to restrict the upper and lower
terminal end movement of the feed lever 24.

The click gear 30 is engaged by a click pawl 31a
which is formed at the front end of a click lever 31. The
click lever 31 is pivoted, at its rear end, to a front end of
a fine adjustment lever 34 through a pivot shaft 35. The
fine adjustment lever 34 is rotatably connected at its
rear end to the body 13 through a shaft 36. A torsion
spring 37 is wound around the shaft 35 of the click lever
31 to bias the click lever 31, so that the click pawl 31a
continuously comes into engagement with the click
gear 30.

Between the fine adjustment lever 34 and a piezoelec-

tric element supporting block 65 on the body 13 is pro-
vide a piezoelectric element 38 which is actuated to
rotate the fine adjustment lever 34 about the shaft 36.
The piezoelectric element 38 comprising a2 number of
laminated piezoelectric plates 38q, 38q, . . . , connected
to a voltage supply source (not shown) through termi-
nals 38b. Each plate like piezoelectric element 38a var-
ies in thickness, i.e., each deforms in the direction T of

thickness, when the voltage is supplied between end
electrodes 38¢ of the piezoelectric element 38 through

terminals 385. The variation (deformation) of the thick-
ness depends on the value and the porality of the volt-
age to be supplied. The deformation of the piezoelectric
element 38 causes the fine adjustment lever 34 to rotate
about the shaft 36 by a desired angular displacement
corresponding to the deformation.

A tension spring 39 is positioned between the fine
adjustment lever 34 and a pin 135 provided on the body
13 which continuously biases the fine adjustment lever

34 in a direction of the compression of the piezoelectric

element 38 to exert an initial bias on the piezoelectric
element 38 to thereby stabilize the position thereof.
As can be understood from the foregoing, the click
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lever 31 rotates about the shaft 35 to bring the click gear

30 (and accordingly, the plate cam 20) into a predeter-
mined angular position (click stop position). However,

when the click gear 30 rotates in the clockwise direc-

tion, the click pawl 31qg is disengaged from the tooth
groove of the click gear 30 in which the click pawl 31a
has been engaged and rides on the adjacent tooth and
comes into engagement in the adjacent tooth groove to
keep the click gear 30 in the engagement. Note that the
position in which the click pawl 31z and the click gear
30 are engaged with each other, and accordingly the
click stop position of the click gear 30 and the plate cam
20, depends on the position of the shaft 35 which varies
in accordance with the rotation of the fine adjustment
lever 34 about the shaft 36. Namely, the position of the
shaft 35 of the click lever 31 can be adjusted by the
piezoelectric element 38 through the fine adjustment

lever 34.
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The profile of the peripheral cam surface 21 of the
plate cam 20 describes an Archimedes’ spiral in which a
difference between the largest diameter R,;qx and the
smallest -diameter Rqim is substantially identical to a
difference in radius between the innermost recording
track T and the outermost recording track T3, of the
magnetic disk D. The number of the teeth of the track
gear 22 and the click gear 30 is identical to the number
of the recording tracks of the magnetic disk D. There-
fore, the rotation of the plate cam 20 by an angular
displacement corresponding to one tooth of the ratchet
gear 23 causes the displacement of the carriage 12 and
accordingly the magnetic head 10 corresponding to one
recording track.

The magnetic disk recording and reproducing appa-
ratus of the present invention operates as follows.

Upon recording and reproducing the magnetic disk
D, the plunger solenoid 26 is actuated a predetermined
number of times to rotate the plate cam 20 by a prede-
termined angular displacement in the clockwise direc-
tion in order to move the carriage 12, so that the mag-
netic head 10 is brought into a predetermined position
(on-track position) in which the magnetic head 10 is
located above a desired track of the magnetic disk D.

Upon recording, no electric power is supplied to the
piezoelectric element 38 and the fine adjustment lever
34 is located at a balance position in which the spring
force of the tension spring 39 is balanced with the com-
pression stress of the piezoelectric element 38, so that
the angular position of the click gear 30 (plate cam 20)
is restricted by the click lever 31. During this recording
operation, the magnetic head 10 may be located 1n the
off-track position, i.e. the magnetic head 10 1s deviated
from the desired recording track, as can be seen in FIG.
4.

Referring to FIG. 6, upon reproducing the magnetic
disk D, the signal read by the magnetic head 10 is ampli-
fied by a head amplifier 40 and is detected by an enve-
lope wave detector 41 to detect the amount of off-track,
so that a voltage corresponding to the amount of off-
track is applied to the piezoelectric element 38 by a
piezoelectric element driving control circuit 42 to com-
pensate for the off-track recording. As a result, the
piezoelectric element 38 is deformed to rotate the fine
adjustment lever 34 in order to correct the off-track of
the magnetic head 10. Consequently, the position of the
shaft 35 of the click lever 31 is varied to displace the
click pawl 31g, resulting in the rotation of the click gear
30 with which the click pawl 31a engages. Thus, the
click stop position (angular position) of the plate cam 20
is varied to realize an accurate on-track position of the
magnetic head 10 (FIG. §). .

FIG. 3 shows 2 modified embodiment of the present
invention. In this embodiment, both the fine adjustment
member of the shaft 51 of the click lever 50 and the
driving means thereof are realized by a common bi-
morph type piezoelectric element 52. The click lever 50
is pivoted to one end (front end) of the bimorph cell 52
which is secured at its opposite end to the body 13
through the shaft 51.

The bimorph cell 52, as is well known, has an elasti-
cally deformable metal plate 53 which is provided, on
its opposite sides, with plate like piezoelectric elements
54 and 55 secured thereto. When the bimorph cell is
activated, one of the piezoelectric elements 54 and 55
stretches and the other contracts, so that the front end
of the bimorph cell 52 is elastically deformed in the
directions shown by arrows B in FIG. 3. The elastic
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deformation of the bimorph cell 52 causes the shaft 51
of the click lever 50 to move, so that the click stop
position of the plate cam 20 can be varied in a stepped
fashion to realize an on-track positioning of the mag-
netic head 10, similar to the aforementioned embodi-
ment.

I claim:

1. A magnetic disk recording and reproducing appa-

ratus, comprising:

a carriage which is adapted toc support a magnetic
head, said magnetic head being adapted to move in
radial directions with respect to a magnetic disk
which is rotatably supported on a body of said
apparatus;

a cam that is rotatable about a rotational shaft to
move said carriage;

an intermittent rotation mechanism for intermittently
rotating said cam over a predetermined angular
displacement, said intermittent rotation mechanism
comprising: |
a ratchet gear coaxially supported by said cam, said

ratchet gear and cam being adapted to rotate
together, and a feed lever which is movably
supported by said body so as to linearly recipro-
cate in a direction substantially parallel to the
direction of movement of said carriage;

a click gear adapted to drive said cam;

a click lever having a pawl at a first end of said click
lever, which pawl can disengageably engage said
click gear in order to restrict the angular position
of said click gear;

a fine adjustment member which movably supports
said first end of said click lever; and

driving means for moving said fine adjustment mem-

~  ber to adjust the angular position of said click gear
in accordance with the track position of said mag-
netic head relative to said magnetic disk.
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2. An apparatus according to claim 1 wherein said 40

click gear is coaxial to said cam.
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3. An apparatus according to claim 1, wherein said

click gear has a periphery and said driving means com-

prises means for adjusting the position of a pivot shaft of
said click lever about the periphery of said click gear.

4. An apparatus according to claim 1, wherein said
fine adjustment member and said driving means com-
prise a common bimorph type of piezoelectric element
which is connected at one end to said body and which
is adapted to support, at an opposite end of said piezo-
electric element, a pivot shaft of the click lever.

5. An apparatus according to claim 1, wherein said
cam comprises 2 plate cam having a peripheral cam
surface.

6. An apparatus according to claim 5, wherein said
carriage has a pin which bears against said peripheral
cam surface of said plate cam.

7. An apparatus according to claim 6, wherein said
peripheral cam surface has a profile described by Archi-
medes’ spiral, wherein the difference between the larg-
est diameter portion of said spiral and the smallest diam-
eter portion of said spiral is equal to the difference in
radius between an innermost recording track and an
outermost recording track of the magnetic disk.

8. An apparatus according to claim 1, wherein said
fine adjustment member comprises an adjusting lever
which is pivoted at a first end to said body, a pivot shaft
of the click lever being rotatably supported by the op-

posite end of the adjusting lever.
9. An apparatus according to claim 8, wherein said

driving means comprises a piezoelectric element which
is provided between, and connected to, the adjusting
lever and the body.

10. An apparatus according to claim 9, wherein said
piezoelectric element comprises a plurality of laminated
piezoelectric plates.

11. An apparatus according to claim 9, further com-
prising a spring positioned between said adjusting lever
and said body, said spring comprising means biasing
said adjusting lever in a direction in which said piezo-

electric element 1s adapted to be compressed.
£ %2 % 2% %
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